Embryogenesis is a critical developmental stage during the life cycle of flowering plants. During embryogenesis, the first round of asymmetric cell division in the zygote is followed by a series of cellular events, including cell division (symmetric or asymmetric) and directional cell expansion to generate the apical-basal axis, radial and lateral symmetry, and patterns of different cell fates for initiation of different organ primordia, which lay the foundation for post-embryonic development (Jurgens, 2001; Wendrich and Weijers, 2013). Arabidopsis embryogenesis is considered a morphogenesis model from which to dissect the underlying cellular basis by combining powerful genetic and genomic approaches (Wendrich and Weijers, 2013).
quantification of the dynamic behavior associated with MTs in living embryonic cells within their native developmental context are urgently needed, which will provide unique insights into the functions and mechanisms of action of MTs during embryogenesis.
To visualize the organization and dynamics of MTs in Arabidopsis embryonic cells, we generated a fluorescent protein fusion construct with the MT binding domain (MBD) of mammalian MAP4 as previously described (Marc et al., 1998) . We selected the KNOLLE promoter to drive expression of the fusion construct because it is widely expressed in almost all tissues at moderate levels (Supplemental Figure 1A) .
KNpro::EGFP-MBD;Col-0 plants were indistinguishable from wild-type (WT) plants (Supplemental Figure 1B) , and had normal silique development (Supplemental Figure   1C ). In particular, embryos derived from KNpro::EGFP-MBD;Col-0 were normal compared to WT ( Figure 1A; Supplemental Figure 2 ). The earliest intact embryo we were able to isolate with good MT decoration was at the triangular stage. Different MT arrays, including the interphase cortical MT array, the preprophase band (PPB), spindle and phragmoplast can be easily captured (Supplemental Figure 3 ). More embryonic cells with PPBs, spindles and phragmoplasts were observed at this stage compared to late stages, suggesting that embryonic cells actively divide at early embryonic developmental stages. Most of the embryonic cells from embryos at the heart, torpedo and cotyledon stages were in the interphase stage, and EGFP-MBD clearly decorated cortical MTs in those embryonic cells ( Figure 1B ). We also occasionally captured embryonic cells with PPBs, spindles or phragmoplasts at these embryonic developmental stages ( Figure 1C ). We next set assay to quantify the organization of MT array in embryonic cells by determining the density of MTs as described in Kirik et al. (2012) , and initially divided the embryo into five parts, including cotyledon primordia, shoot apical meristem (SAM), ground tissue, provasculature and root primordia, to group developmentally related cells together as previously described (Lau et al., 2012) . The parts are grouped by color in the longitudinal section of the heart stage embryo ( Figure 1D ). The density of MTs within embryonic cells at different developmental stages was initially determined and compared ( Figure 1E ). The density of MTs within embryonic cells at heart stage was higher than that within the corresponding embryonic cells at the torpedo and cotyledon stages ( Figure 1E ). Additionally, the density of MTs was relatively higher in SAM, ground tissue and provasculature at each developmental stage ( Figure 1E ), implying that tubulin dimer-polymer equilibrium shifts toward the formation of polymers in these cells. We also quantified the orientation of visually resolvable interphase cortical MTs within embryonic cells, which will provide clues regarding the regulation of directional cell expansion important for plant embryogenesis. To quantify the orientation of visually resolvable cortical MTs, we determined the angles formed between visually resolvable MTs and the long axis of cells. The long axis of cells was marked with white lines, as shown in Figure 1F . The orientation of cortical MTs within embryonic cells from ground tissues and provasculature were quantified during embryonic development. At the heart stage, more visually resolvable MTs formed angles near 90 degrees with the long axis of cells, suggesting that cortical MTs align transversely ( Figure 1G ), which is consistent with the need for cells to grow rapidly at this developmental stage. During progression of embryo development, the ratio of transversely aligned cortical MTs is decreased at the torpedo stage compared to the heart stage ( Figure 1G ), suggesting that the growth rate of embryonic primordial cells might slow down at this stage. At the cotyledon stage, the ratio of transversely aligned cortical MTs further decreased and became randomly aligned ( Figure 1G ), suggesting that the growth of these embryonic primordial cells might stop when the embryos reach maturation. The data suggest that EGFP-MBD clearly decorates MTs in almost all embryonic cells at different developmental stages, which allows visualization and quantification of MT organization.
We next performed drug treatment to assess the stability and turnover rate of MTs in embryonic primordial cells. Embryos at the cotyledon stage were selected for treatment because it is easy to isolate a certain number of intact embryos at this stage in a short period of time. MTs in embryonic cells are quite stable in a 9% glucose buffer for relatively long periods of time ( Figure 1H We also determined whether we could trace the dynamics of visually resolvable MTs and quantify the parameters associated with them in living Arabidopsis embryonic cells. Embryos at the heart stage were selected for visualization and quantification because it is relatively easy to isolate intact embryos at this stage and MT images of the whole embryo can be fitted in the same microscopic field to allow comparison of parameters associated with visually resolvable MTs dynamics under the same image acquisition conditions. Dynamic events in visually resolvable cortical MTs, such as growth and shrinkage, can be tracked (Supplemental Figure 5A ; see also Supplemental Movies 1 and 2), which allows us to determine the growth rates and shrinking rates associated with visually resolvable MTs in embryonic cells from the hypocotyl, cotyledon and root primordia, respectively ( Figure 1I ). MTs switching from growth to shrinkage or vice versa can also be captured (Supplemental Figure 5B In summary, we established an assay to isolate live embryos for cytological analysis, which will complement the routinely used fixation and clearing method.
This assay eliminates the potentially negative effect of fixative as well as subsequent treatments on embryonic cells and allows various cytological analyses to be performed on living embryonic cells. We also established an assay to visualize the organization and dynamics of MTs in living Arabidopsis embryonic cells by 
